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ABSTRACT 


The  d  i  f  f  erences  between  the  -findings  obtained  during 
two  complete  optometric  exams  conducted  3  months  apart  with 
38  non-pregnan t ,  and  93  pregnant  subjects  (divided  equally 
into  three  groups  based  on  the  trimester  of  pregnancy  in 
which  their  exams  were  done)  were  compared  by  single  factor 
analysis  of  variance,  F-ratios,  and  t-tests.  Refractive 
error,  corneal  curvature  and  thickness,  accommodative 
amplitude,  ACA  ratio  and  fusion  break  ranges  were  not  found 
to  be  significantly  different.  The  refractive  changes 
experienced  by  the  pregnant  subjects  in  the  various 
trimesters  during  the  3  months  between  exams  were  no 
different  than  the  changes  experienced  by  the  non-pregnant 
subjects  during  the  same  time  period,  and  even  though  a 
variety  of  physiological  change  occur  during  pregnancy, 
changes  in  refractive  status  are  not  significant,  and  do  not 
preclude  changing  spectacle  prescr i p t i ons  during  pregnancy. 


KEY  WORDS:  refractive  error',  pregnancy,’  corneal  thickness,' 
corneal  curvature^  duct  ions,'  vergences,'  accommodation,'  IOP,' 
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INTRODUCTION 


There  is  a  general  belief  in  the  vision  care  -field  that 

pregnancy  is  accompanied  by  physiological  changes  that  cause 

temporary  alterations  in  the  refractive  error  so  that  it  is 

unwise  to  change  the  spectacle  prescription  during 

pregnancy.  It  is,  therefore,  common  to  discourage  pregnant 

patients  from  making  appointments  for  refraction,  and/or  to 

delay  changing  a  prescription  until  after  the  delivery. 

This  is  particularly  true  in  military  and  HMO  clinics,  but 

also  occurs  in  private  practice. 

The  literature  is  sparse  and  contradictory  on  the  topic 

of  changes  in  refractive  status  during  pregnancy,  but  some 

information  can  be  extracted  from  studies  concerned  with 

other  aspects  of  pregnancy  and  menstrual  cycle  effects,  or 

from  studies  dealing  with  ocular  changes  produced  by  the  use 

of  oral  contraceptives  which  mimic  many  of  the  effects  of 

1,2 

pregnancy . 

REFRACTIVE  STATUS 

Two  studies  reported  a  refractive  shift  toward  myopia 

during  pregnancy,  but  did  not  specify  the  amount  of  such 
3,4 

changes.  Another  study  followed  51  women,  sampling  the 

refractive  status  by  static  retinoscopy  5  times  during  the 

course  of  pregnancy.  The  study  concluded  that  after 

allowing  for  measurement  error,  the  refrative  variations 

5 

were  not  significant. 

Another  study  of  7  women  reported  a  tendency  for 
refractive  error  to  change  towards  myopia  (less  than  0.25  D 


6 


by  static  retinoscopy)  during  the  menstrual  cycle,  and 

three  studies  of  72  women  using  oral  contraceptives  reported 

that  refractive  changes  toward  increased  myopia  ocurred,  but 

7,8,9 

did  not  specify  any  amounts.  Thus,  there  is  no 

consistent  set  of  findings  relating  hormone  level  changes  to 
refractive  error. 


CORNEAL  CHANGES 

Two  studies  of  pregnant  women  reported  increases  in 

corneal  thickness  (attributed  to  edema),  but  the  amounts  of 

3,4 

increase  were  not  specified.  In  a  study  by  Manchester 

of  27  pregnant  women,  corneal  thickness  was  measured  during 

the  third  trimester  and  again  post-partum.  He  found  only  a 

10 

0.001  mm  mean  decrease  in  corneal  thickness.  Manchester 

also  measured  corneal  curvature  in  the  ninth  month  of 

pregnancy  and  6  weeks  post  partum,  finding  a  mean  difference 
10 

of  only  0.01  D. 

Manchester  and  others  have  also  reported  that  corneal 

thickness  and  corneal  curvatures  did  not  change 

significantly  during  the  menstrual  cycle,  but  they  cautioned 

10,11 

that  there  was  not  universal  agreement  on  this  point. 

In  two  separate  studies  of  72  and  74  women  taking  oral 

contraceptives,  the  first  reported  general  corneal 

6 

flattening  without  specifying  amounts,  while  the  second 

reported  a  range  of  *0.50  to  -0.50  corneal  curvature 

changes,  with  the  mean  change  being  toward  steepening,  but, 

7 

again,  the  amount  was  not  specified.  Anderson  and  Martin 
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reported  that  of  74  women  taking  ora)  contraceptives  for  6 


months,  29  corneas  steepened  and  4  flattened,  while  after  12 

12 

months,  18  were  still  steeper,  but  none  were  flatter. 

Manchester  al^o  reported  on  26  women  using  oral 

contraceptives  for  one  month.  He  found  mean  corneal 

curvature  changes  to  be  0.02  D  (steeper)  with  a  range  of 

less  than  0.06  D.  These  changes  were  not  considered 
10 

significant.  Another  study  merely  mentioned  that  there 

were  no  significant  changes  in  corneal  curvature  or 

7 

thickness  due  to  oral  con tracep t i ves .  Son i  conducted  two 

studies  of  the  effects  of  oral  contraceptives  on  the  cornea. 

The  first  reported  that  corneal  curvature  changes  in  15 

subjects  over  a  three  month  period  were  not  significant, 

ranging  from  0.12  D  of  flattening  to  0.37  D  of  steepening, 

but  the  variability  in  the  findings  suggested  no  clear 
13 

trends.  The  second  study,  of  23  women,  showed  that 

corneal  thickness  changes  were  again  variable  over  time  with 

no  clear  trends  and  a  0.04  mm  range  which  was  not  considered 
14 

significant. 

Despite  the  variety  of  changes  that  could  occur, 

15 

Koetting  reported  general  problems  related  to  edema 

caused  by  sodium  retention,  and  pointed  out  that  there  were 

no  significant  indications  that  oral  contraceptives  caused 

contact  lens  problems.  Two  other  studies  agreed,  reporting 

no  significant  effects  by  oral  contraceptives  on  patients 

16,17 

wearing  contacts. 
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ACCOMMODATION  AND  CONVERGENCE 

Only  two  studies  could  be  -found  that  dealt  with  the 

effects  of  pregnancy  on  accommodation  and  convergence.  One 

reported  that  the  changes  in  the  amplitude  of  accommodation 

4 

and  in  the  AC/A  ratio  were  not  significant.  Another  study 

reported  reduced  near  point  of  convergence,  accommodative 

amplitude,  and  duction  ranges,  sometimes  resulting  in 
8 

diplopia.  No  studies  were  found  that  related 
accommodative-convergence  changes  to  the  menstrual  cycle. 

OTHER  FACTORS 

18 

Ke i 1 y  et  al .  reported  diurnal  variations  of  corneal 

topography  and  thickness,  which  they  judged  to  be  not 

10 

clinically  significant,  and  although  Manchester  reported 
no  significant  difference  between  corneal  curvature 
measurements  taken  in  the  morning  versus  the  afternoon,  he 
reported  a  significant  decrease  in  corneal  thickness  between 
awakening  and  retiring. 

1? 

In  addition,  Lambert  reported  that  progestins  and 

estrogens  increased  the  permeability  of  the  crystalline  lens 

to  water  which  could  affect  refractive  error  by  steepening 

lenticular  curves,  reducing  lenticular  index  of  refraction, 

13,14 

and/or  reducing  the  anterior  chamber  depth.  Son i  and 

6 

Peter  and  Parsons  reported  increased  mucous  production  and 
dry  eye  problems  from  these  hormones. 

20 

Another  important  point  was  raised  by  Westerhout 
who  reported  that,  based  on  3  or  4  cases  of  contact  lens 
problems  that  occurred  during  the  course  of  abnormal 
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and  the  THIRD  group.  The  CONTROL  group  has  a  considerable 

grouping  of  scores  in  the  low  negative  region,  and  has  no 

changes  greater  than  1.00  D.  However,  the  THIRD  group  has  a 

more  uniform  distribution  of  scores  with  several  scores 

greater  than  1.00  D.  These  results  seem  to  support 

Lambert's  findings  that  progestins  and  estrogens  alter  the 

1 9 

permeability  of  the  crystalline  lens. 

The  mean  changes  of  the  CONTROL  group's  near  and 
distance  break  ranges  <sum  of  absolute  values  of  base-out 
(BO)  and  base-in  (BI)  findings)  were  greater  than  the 
changes  for  the  other  groups  in  all  but  one  case,  the 
distance  break  range  of  the  THIRD  group  (Table  ?) .  For  the 
distance  tests,  there  were,  respec t i ve 1 y ,  7,2,5,  and  6 
individual  subjects  changing  more  than  4  prism  diopters 
(pd).  Of  the  pregnant  subjects,  39  had  increased  ranges,  37 
had  decreased  ranges,  and  17  did  not  change.  Of  the 
CONTROLS,  15  increased,  19  decreased,  and  4  did  not  change. 
None  of  the  differences  between  groups  were  significant 
(analysis  of  variance,  F  *  0.82,  df  ■  3/127,  p  >  .05).  The 
F-ratio  between  the  SECOND  group  and  the  CONTROL  group 
indicates  that  there  is  no  significant  difference  in  the 
variance  (F  “  1.18,  df  *=  29/37,  p  >  .05). 

The  near  break  means  (Table  9)  were  also  not 
statistically  different  between  the  groups  (analysis  of 
variance,  F  =  0.44,  df  ■  3/127,  p  >  .05).  The  F-ratio 
between  the  THIRD  group  and  the  CONTROL  group  indicates  that 
there  is  no  significant  difference  (F  =*  1.05,  df  ■  31/37, 
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statistically  different  between  tha  groups  (analysis  of 
var  ianca,  F  =  1.09,  d-f  *  3/12 7,  p  >  .0S>,  and  most  of  tha 
individual  changas  would  only  ba  clinically  significant  in 
casas  whara  a  subject  alraady  had  difficultias  with 
accommodation,  convarganca,  or  thair  interactions.  There 
were  7,5,1,  and  3  subjects  with  absolute  gradient  AC/A  ratio 
changes  greater  than  1  in  tha  CONTROL,  FIRST,  SECOND,  and 
THIRD  respectively.  Of  tha  pregnant  subjects,  26  had 
increased  ratios,  20  had  decreased  ratios,  and  46  had  no 
change.  In  the  CONTROL  group,  11  increased,  11  decreased, 
and  1 6  did  not  change.  Tha  CONTROL  group  had  more  subjects 
with  larger  changes,  as  compared  to  the  pregnant  groups,  but 
the  incidence  of  large  changes  was  very  low. 

The  mean  changes  in  the  positive  and  negative  relative 
accommodation  ranges  (Table  9)  were  small  and  not 
statistically  different  between  the  groups  (analysis  of 
variance,  F  =  0.55,  df  »  3/127,  p  >  .05.  Of  the  pregnant 
subjects,  31  had  increased  range,  38  had  decreased  range, 
and  25  had  no  change.  Of  the  CONTROLS,  11  increased,  24 
decreased,  and  3  did  not  change. 

The  F-ratio  between  the  SECOND  group  and  the  CONTROL 
group  indicates  that  there  is  no  significant  difference  in 
the  variance  (F  ■  1.06,  df  ■  29/37,  p  >  .05),  however, 
the  F-ratio  between  the  THIRD  group  and  the  CONTROL  group 
indicates  a  significant  difference  in  the  variance 
(F  =  3.40  df  **  31/37,  p  <  .01).  The  frequency  distribution 
in  Table  10  shows  the  differences  between  the  CONTROL  group 
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10.22  V.  for  the  pregnant  subjects.  Of  the  pregnant  subjects, 
steeper  curves  were  found  in  82  eyes,  flatter  curves  in  64 


eyes,  and  40  eyes  did  not  change.  In  the  CONTROLS,  38  eyes 
were  steeper,  24  were  flatter,  and  40  did  not  change. 

Table  8  shows  that  mean  corneal  cylinder  axis  changes 
were  similar  in  all  groups  <analysis  of  variance,  F  ■»  0.70, 
df  ■»  3/298,  p  >  .09).  There  were  only  9  eyes  with  corneal 
cylinder  axis  changes  greater  than  10  degrees,  1,1,1,  and  2 
respectively  in  the  CONTROL,  FIRST,  SECOND,  and  THIRD  groups 
for  an  incidence  of  4  in  186  pregnant  subject's  eyes,  or 
2.15  The  F-ratio  between  the  THIRD  group  and  the  CONTROL 
group  indicates  that  there  is  no  significant  difference  in 
the  variance  <F  ■  1.16,  df  -  31/37,  p  >  .09). 

With  regard  to  corneal  thickness,  as  Table  8  shows,  the 
changes  were  relatively  small,  and  the  differences  between 
the  means  of  the  groups  were  not  statistically  significant 
(analysis  of  variance,  F  ■  1.08,  df  ■  3/298,  p  >  .09).  The 
F-ratio  between  the  THIRD  group  and  the  CONTROL  group 
indicates  that  there  is  no  significant  difference  in  then 
variance  <F  =■  1.10,  df  «  31/37,  p  >  .09).  Of  the 
pregnant  subjects,  13?  eyes  showed  reduced  thickness  and  47 
showed  increased  thickness,  the  mean  amount  being  only  about 
a  2X  change.  Forty-four  increased  and  32  In  the  CONTROL 
group,  which  had  a  larger  mean  change  than  all  other  groups, 
44  corneas  increased  and  32  decreased. 

ACCOMMODATION  AND  CONVERGENCE  CMNGES 

The  mean  gradient  AC/A  ratios  (Table  ?)  were  not 
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indicates  no  significant  differences  between  these  means 
(F  =*  0.31,  df  “  3/258,  p  >  .05).  The  F-ratio  between  the 
SECOND  group  and  the  CONTROL  group  indicates  that  there  is 
no  significant  difference  in  the  variance  <F  =  1.06,  df  - 
29/37,  p  >  .05). 

TABLE  8.  CORNEAL  CHANGES 


AVERAGE  CORNEAL  CURVATURE  CHANGE  <D> 


GROUP 

N 

MEAN 

SD 

RANGE 

CONTROL 

76 

0.061 

0.252 

-0.875 

to  +0.875 

FIRST 

62 

0.087 

0.189 

-0.50 

to  +0.625 

SECOND 

60 

0.030 

0.259 

-0.688 

to  +0.875 

THIRD 

64 

0.025 

0.211 

-0 . 375 

to  +0.625 

K  AXIS  (degrees) 

GROUP 

N 

MEAN 

SD 

RANGE 

CONTROL 

76 

3.316 

3.634 

0 

to  20 

FIRST 

62 

3.806 

3.172 

0 

to  20 

SECOND 

60 

3.083 

2.676 

0 

to  15 

THIRD 

64 

3.031 

3.908 

0 

to  23 

CORNEAL  THICKNESS 

CHANGES 

<MM) 

GROUP 

N 

MEAN 

SD 

RANGE 

CONTROL 

76 

-0.015 

0.040 

-0.135 

to  +0.068 

FIRST 

62 

-0.006 

0.025 

-0.050 

to  +0.070 

SECOND 

60 

-0.014 

0.030 

-0.088 

to  +0.062 

THIRD 

64 

-0.008 

0.042 

-0.081 

to  +0.097 

I ndi v i dual  1 y 

CONTROL 

group , 

7  eyes  in 

the  FIRST  group,  7  eyes  in  the  SECOND  group,  and  5  eyes  in 
the  THIRD  group  had  corneal  curvature  changes  greater  than 
0.50  D.  If  these  changes  are  considered  clinically 
significant,  the  frequency  of  significant  change  was  greater 
in  the  CONTROL  group  than  in  the  other  groups.  The  overall 
incidence  of  changes  exceeding  0.50  D  was  19  in  186  eyes,  or 


group  had  a  sphere  change  of  -0.50  D  and  another  e/e  had  a 
sphere  change  of  ♦0.50  D,  one  e/e  in  the  SECOND  group  had  a 
sphere  change  of  +0.50  D,  one  e/e  in  the  THIRD  group  had  a 
cylinder  change  of  -0.75  D,  and  one  e/e  in  the  THIRD  group 
had  a  cylinder  change  of  ♦0.75  D  (the  latter  two  cylinder 
changes  were  from  the  same  subject,  who  claimed  to  be  no 
longer  wearing  her  contact  lenses),  and  the  remaining 
individual  changes  were  all  ♦/-  0.25  D  or  less.  If  changes 
greater  than  0.25  D  are  considered  clinically  significant, 
then  the  incidence  of  such  change  i s  5  of  372  or  1 .34  X  in 
the  pregnant  subjects.  There  were  no  changes  greater  than 
0.25  D  in  the  CONTROL  group. 

Mean  cylinder  axis  changes  were  very  similar  in  all 
groups,  as  shown  in  Table  7.  Individual  axis  changes  greater 
than  10  degrees  were:  3  in  the  CONTROL  group,  4  in  the  FIRST 
group,  1  in  the  SECOND  group,  and  3  in  the  THIRD  group. 

There  were  8  ax i s  changes  greater  than  10  degrees  among  the 
pregnant  subjects,  for  an  incidence  of  8  in  186,  or  4.3 
None  of  these  mean  changes  were  statistically  significant 
(analysis  of  variance,  F  «  0.79,  df  «  3/258,  p  >  .05).  The 
F-ratio  between  the  FIRST  group  and  the  CONTROL  group 
indicates  that  there  is  no  significant  difference  in 
variances  (F  ■  1.20,  df  ■  30/37,  p  >  .05). 

CORNEAL  CHANGES 

The  mean  changes  in  corneal  curvature,  based  on  the 
average  of  three  measurements  per  eye,  are  shown  in  Table  8. 
Positive  values  indicate  steepening.  Analysis  of  variance 
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minus  change  scores  represented  in  the  data.  To  address 
this  concern,  F-ratios  were  used  to  compare  variances 
when  the  standard  deviation  of  any  experimental  group  was 
larger  than  the  corresponding  control  group  value. 

REFRACTIVE  CHANGES 

Mean  changes  in  the  spherical  equivalent  refractive 
error  and  cylinder  axis  are  shown  in  Table  7.  For  the 
pregnant  subjects,  changes  toward  more  myop i a  were  found  in 
28  eyes,  changes  toward  less  myopia  in  29  eyes,  and  the 
remaining  129  eyes  did  not  change.  Of  the  CONTROLS,  19  eyes 
had  changes  toward  myopia,  14  eyes  had  changes  toward  less 
myopia,  and  40  eyes  did  not  change.  None  of  the  mean 
changes  are  stat i st i cal  1 y  significant  (analysis  of  variance, 
F  =  1.23,  df  »  3/258,  p>  .05),  and  none  of  the  subjects 
complained  about  any  changes  they  might  have  experienced. 

TABLE  7.  REFRACTIVE  CHANGES 


SPHERICAL  EQUIVALENT  <D> 


GROUP 

N 

MEAN 

SD 

RANGE 

CONTROL 

74 

-0.016 

0.178 

-0.50 

to 

♦0.375 

FIRST 

62 

-0.008 

0.139 

-0.375 

to 

+  0.50 

SECOND 

60 

-0.017 

0.145 

-0.50 

to 

♦  0.25 

THIRD 

64 

0.027 

0.149 

-0 . 375 

to 

+0.375 

CYLINDER  AXIS  (degrees) 

GROUP 

N 

MEAN 

SD 

RANGE 

CONTROL 

76 

1.342 

4.203 

0 

to 

30 

FIRST 

62 

1.758 

4.601 

0 

to 

23 

SECOND 

60 

0.833 

2.519 

0 

to 

15 

THIRD 

64 

1.703 

3.710 

0 

to 

15 

On  an  individual  subject  basis,  one  eye  in  the  FIRST 
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Distance  and  near  end-point  test  targets  were  20/20  Snellen 

or  reduced  Snellen  letters  calibrated  for  viewing  distance 

by  angular  subtense  at  the  front  of  the  refractor. 

This  standardization  was  important  because  distinct 

increases  in  visual  acuity  occur  with  increases  in  chart 
25 

luminance.  It  was  also  important  in  the  accommodation 

tests  so  that  changes  in  pupil  size  caused  by  charts  with 

higher  luminance  would  not  change  pupil  size  and  depth  of 
26,27 

focus.  Pupil  sizes  were  measured  with  an  illuminance 

of  130  Lux  (approximately  12  ft-cd>  at  the  beginning  of  each 
exam  in  order  to  detect  changes.  Only  2  or  3  subjects  in 
each  group  showed  an  increase  or  a  decrease  in  pupil  size 
between  the  first  and  second  exams.  The  amount  of  each 
change  did  not  exceed  1 .0  mm  for  any  subject. 

RESULTS 

Data  obtained  during  the  first  and  second  examinations 
were  compared  and  individual  subject  change  scores  were 
calculated  for  each  of  the  tests  described  above.  These 
change  scores  were  then  combined  across  subjects  in  each  of 
the  groups  and  means  were  calculated.  These  group  means 
were  compared  by  analysis  of  variance  and  t-tests  when 
required.  Although  these  tests  are  appropriate  for 
detecting  differences  between  means,  they  do  not  test  for 
differences  between  group  variances.  This  is  of  concern 
because  change  scores  can  vary  in  plus  or  minus  direction  so 
that  two  groups  could  have  identical  means  but  different 
variances.  This  could  occur  if  there  are  opposing  plus  and 
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TABLE  6.  EXAM  DATE  VARIATIONS  (DAYS) 


GROUP 

N 

MEAN 

SD 

RANGE 

ALL  SUBJECTS 

131 

2.12 

5.35 

-11  to  +13 

CONTROL 

38 

2.26 

6.18 

-  8  to  +12 

FIRST 

31 

1.10 

5.03 

-  8  to  +12 

SECOND 

30 

2.33 

5.68 

-11  to  +13 

THIRD 

32 

2.78 

4.76 

-  4  to  +13 

A  complete  op  tome  trie  exam,  including  measurement  o-f 

corneal  thickness,  was  conducted  on  each  o-f  the  subjects' 

two  visits.  Instruments  used  included  B&L  Keratometers, 

and  either  a  B&L  Greens  refractor,  an  AO  Phoropter,  or  a 

Topcon  Phoropter  (access  to  the  desired  number  of  subjects 

required  exams  to  be  conducted  at  three  different  sites), 

and  a  Diagnostic  Concepts  Electronic  Digital  Pachometer, 

Model  6090,  attached  to  a  Mentor  S-IO  slit-lamp.  At  the 

beginning  of  the  study,  the  examiner  became  proficient  with 

the  pachometer  by  working  with  targets  of  known  thickness 

and  with  practice  subjects.  Prior  to  each  day's  work,  the 

examiner  calibrated,  checked,  and/or  standardized  all 

equipment,  test  distances,  and  lighting.  Care  was  taken  to 

re-examine  subjects  with  the  same  equipment  that  was  used 

24 

for  the  first  exam. 

The  illumination  levels  in  the  exam  rooms  were 
monitored  with  a  Spectra  Candela  LD-300  light  meter  (Photo 
Research  Corporation),  and  calibrated  against  a  Tektronics 
J-16  photometer/radiometer  with  illuminance  probe.  The 
standards  were  864  Lux  (80  ft-cd>  for  near  tests  and  172.8 
Lux  (16  ft-cd)  for  the  distance  targets  produced  by  an  AO 
Projec t-O-Char t  projector  on  a  screen  in  a  darkened  room. 
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Mi  thin  1.0  SD  of  the  desired  average. 

METHODS 

After  fully  explaining  the  procedures  of  the  study, 
informed  consent  Mas  obtained  from  185  Caucasian  Momen  of 
child  bearing  age,  131  of  Mhom  completed  the  study.  The 
subjects  Mere  arranged  in  four  groups  as  described  above, 
and  an  experienced  optometrist  conducted  tMo  complete 
examinations  on  each  subject  —  the  first  upon  entry  into 
the  study,  and  the  second  90  days  later.  An  attempt  Mas 
made  to  avoid  data  contamination  resulting  from  diurnal 
and/or  cyclic  variations  by  having  all  subjects  return  at 
the  same  time  of  day  as  the  first  exam,  and  by  having  the 
CONTROL  subjects  return  on  the  same  day  of  the  menstrual 
cycle  3  cycles  later.  <see  Table  5> 


TABLE  5. 


GROUPING  AND  EXAMINATION  SCHEDULE 


1 

GROUP 

ENTRY  CONDITION 

1ST  EXAM 

2ND  EXAM 

END  CONDITION 

■ 

CONTROL 

NOT  PREGNANT 

ON  ENTRY 

3  CYCLES 

NOT  PREGNANT 

FIRST 

1ST  TRI 

ON  ENTRY 

90  DAYS 

2ND  TRI 

SECOND 

2ND  TRI 

ON  ENTRY 

90  DAYS 

3RD  TRI 

1 

THIRD 

3RD  TRI 

ON  ENTRY 

90  DAYS 

POST  PARTUM 

FeM  subjects  Mere  able  to  return  exactly  as  planned, 
but  most  at  least  matched  morning  or  afternoon  exam 
times.  The  mean  number  of  off-schedule  exam  times  (days) 
is  shown  in  Table  6.  The  differences  betMeen  these  means 


Mere  not  significant  by  analysis  of  variance  <F  =  0.63,  df 
3/127,  p  >  .05). 


lens  wear  during  the  course  of  a  previous  pregnancy  (none  of 
them  attempteo  to  resume  wear  at  a  later  time),  but  no 
subject  reported  visual  changes  during  this  study. 


Only  a  few  subjects  reported  systemic  edema,  and  none 

22 

had  more  than  1mm  of  pitting  edema  (about  4.5  Kg).  There 
were,  respect i vel y ,  1,1,4,  and  7  subjects  in  the  CONTROL, 
FIRST,  SECOND,  and  THIRD  groups  with  up  to  1mm  of  pitting 
edema. 

The  study  was  conducted  from  the  end  of  August  to  the 
beginning  of  April  in  a  mild  climate.  More  systemic  edema 
might  have  been  expected  if  the  weather  had  been  hot,  as 
many  subjects  reported  having  larger  amounts  of  water 
retention  during  previous  pregnancies  which  included  summer 
months. 


TABLE  4.  WEIGHT  CHANGE  (KGS) 


GROUP 

MEAN 

SD 

RANGE 

ALL  SUBJECTS 

131 

0.14 

6.02 

-19.55 

to 

+17.73 

CONTROL 

38 

-0.28 

1  .26 

-  4.55 

to 

+  2.27 

FIRST 

31 

3.78 

2.00 

0 

to 

+  8.64 

SECOND 

30 

5.21 

3.54 

0 

to 

♦17.73 

THIRD 

32 

-7.64 

5.81 

-19.55 

to 

♦  7.73 

The  mean  weight  changes  in  kilograms  (Kg)  are  shown  in 

table  4.  The  desired  weight  gain  during  pregnancy  is  1.7  V. 

during  the  1st  13  weeks,  and  an  additional  18.3  V.  over  the 

next  27  weeks,  resulting  in  an  average  gain  of  .34?  Kg  per 

week  (SD  .235,  range  -.140  to  .973),  or  an  average  of  4.537 

26 

Kg  (SD  3.06)  in  13  weeks.  These  values  are  not  greatly 
different  from  the  changes  found  in  this  study,  which  are 


TABLE  2.  NUMBER  OF  PREGWWCIES 


GROUP 

N 

MEAN 

SD 

RANGE 

ALL  SUBJECTS 

131 

2.9? 

1  .91 

0  to  9 

CONTROL 

38 

3.77 

2.17 

0  to  9 

FIRST 

31 

2.39 

1 .23 

1  to  5 

SECOND 

30 

2.37 

1  .61 

1  to  7 

THIRD 

32 

3.03 

2.13 

1  to  9 

One  subject  in  the  FIRST  group  ran  5  miles  per  day,  and 
14  subjects  in  the  THIRD  group  were  nursing  their  new-borns 
by  the  time  o-f  the  second  exam.  (This  may  be  important 
because  serum  hormone  levels  of  estriol,  estradiol,  and 

3 

progesterone  increase  by  a  -factor  o-f  20  during  pregnancy, 

21 

and  remain  high  during  nursing,  but  otherwise  return  to 
the  pre-pregnancy  levels.) 


TABLE  3.  SUBSTANCE  USE 


GROUP 

CONTROL 

FIRST 

SECOND 

THIRD 

ALCOHOL 

3 

2 

3 

2 

TOBACCO 

2 

3 

8 

3 

All  but  3  subjects  (not  more  than  1  per  group)  claimed 
to  eat  balanced  diets  including  all  food  groups.  All 
pregnant  subjects  were  taking  pre-natal  vitamins,  and  a  few 
were  also  taking  calcium  and/or  iron,  as  well.  Twelve 
control  subjects  were  also  taking  vitamins.  As  Table  3 
shows,  10  subjects  consumed  small  to  moderate  amounts  of 
alcohol  during  the  study,  and  18  smoked. 

The  subjects  were  asked  whether  they  had  experienced 


visual  changes  during  the  study  or  during  previous 
pregnancies.  Five  reported  needing  to  discontinue  contact 


included  who  were  wearing  contact  lenses,  taking  medication 
(except  vitamins),  suffering  active  disease  (systemic  or 
ocular),  or  who  had  best  corrected  UA  less  than  20/20.  No 
one  in  the  control  group  was  taking  oral  contraceptives,  nor 
had  undergone  a  hysterectomy. 

TABLE  1 .  SUBJECT  AGE 


GROUP 

MEAN 

RANGE 

ALL  SUBJECTS 

131 

27.18 

5.63 

15  to  40 

CONTROL 

38 

30.16 

5.69 

15  to  40 

FIRST 

31 

25.97 

5.05 

17  to  38 

SECOND 

30 

25.00 

5.05 

15  to  40 

THIRD 

32 

26.81 

4.62 

17  to  35 

Table  1  shows  the  mean  ages  for  the  subjects  in  the 
various  groups.  These  means  were  significantly  different 
according  to  an  analysis  of  variance  (F-  6.84,  df**  3/127, 
p  (  .05,  and  t-tests  indicated  that  the  control  group  was 
significantly  older  than  each  of  the  other  groups  (t  (67)  = 
3.198,  p  (  .05);  (t  (66)  -  3.866,  p  (  .05);  (t  (68)  =  2.665, 
p  (  .05)  for  the  CONTROL  group  versus  the  FIRST,  SECOND,  and 
THIRD  groups  respectively. 

Table  2  shows  the  mean  number  of  prior  pregnancies  for 
the  groups.  These  means  were  significantly  different 
according  to  an  analysis  of  variance  (F  *■  3.56,  df  *  3/127, 
p  (  .05),  and  t-tests  indicated  that  the  CONTROL  group  had 
significantly  more  pregnancies  than  the  FIRST  a^d  SECOND 
groups,  (t  (67)  -  3.136,  p  (  .05);  (t  (66)  *  2.516,  p  ( 

.05);  (t  (68)  -  1.415,  p  >  .05)  for  the  CONTROL  group 
versus  the  FIRST,  SECOND,  and  THIRD  groups  respectively. 
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refract i  ve  or  accomnodat i ve-convergence  changes  i>  are 
common  during  pregnancy,  2)  Occur  in  a  pattern  related  to 
the  course  of  pregnancy,  3)  could  cause  a  new  prescription 
to  be  desirable  for  the  patient  and/or  optometrist,  4>  are 
related  to  central  corneal  curvature  or  thickness  changes, 

5)  remain  after  the  termination  of  pregnancy,  and  6)  are 
related  to  changes  in  weight  and/or  systemic  edema. 

The  hypothesis  was  that  even  though  a  variety  of 
physiological  changes  occur  during  pregnancy,  changes  in 
refractive  status  and  related  systems  are  generally  not 
significant  and  thus  do  not  automatically  preclude  changing 
spectacle  prescriptions  during  a  normal  pregnancy. 

SUBJECTS 

One  hundred  thirty-one  subjects  served  in  this 
experiment.  They  were  arranged  in  four  groups  named 
according  to  the  subjects''  conditions  at  the  time  of  the 
initial  examination:  38  non-pregnant  women  (CONTROL),  31 
women  in  the  first  trimester  (FIRST),  30  women  in  the  2nd 
trimester  (SECOND),  and  32  women  in  the  3rd  trimester 
(THIRD).  To  the  degree  it  was  possible,  the  control  group 
was  matched  to  the  other  groups  on  the  basis  of  age  and 
l  number  of  pregnancies,  but  the  matching  was  not  perfect 

because  of  the  number  of  subjects  who  did  not  return  for 
second  examinations.  Of  those  lost  to  follow-up,  about  half 
!  declined  to  return  for  the  required  second  visit,  and  about 

half  were  dropped  because  they  could  not  return  within  15 
days  of  their  scheduled  return  time.  No  subjects  were 
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pregnancies,  he  would  suspect  an  abnormal  pregnancy  it 
contact  lens  problems  appeared  during  the  pregnancy. 

From  the  studies  cited  above,  it  is  clear  that  there  is 
considerable  individual  variation  in  response  to  pregnancy, 
and  that  hormonal  changes  can  affect  the  eyes  in  a  variety 
of  ways.  These  effects  may  cause  changes  in  refractive 
status,  corneal  curvature  (steepening  or  flattening), 
corneal  thickness,  corneal  metabolism,  accommodati ve- 
convergence  systems,  IOP,  and  precorneal  tear  film,  all  of 
which  can  cause  changes  in  visual  acuity  and  result  in  a 
perceived  need  for  a  change  in  prescription. 

Some  caution  is  indicated  in  using  data  from  the  cited 
studies,  however,  because  some  did  not  have  control  groups 
and/or  had  very  small  samples,  but  the  literature  does  seem 
to  indicate  that  under  normal  circumstances  corneal  changes 
occurring  in  pregnancy  would  probably  not  contribute  in  a 
major  way  to  changes  in  refractive  error.  But,  since  many 
of  these  changes  relate  to  edema  which  may  occur  during 
pregnancy,  it  is  possible  that  significant  corneal  changes 
could  occur  when  edema  is  greater  than  normal,  or  when  other 
gestational  abnormalities  are  present. 

Corneal  changes  related  to  pregnancy,  oral 
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contraceptives,  and  menstrual  cycle,  have  been  reviewed, 
but  there  is  little  information  on  related  refractive 
changes.  Therefore,  the  current  study  was  designed  to 
measure  changes  in  refractive  status  during  pregnancy.  The 
main  purposes  of  the  study  were  to  determine  whether 
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p  >  .05) 


There  wirt  13,1,8,  and  14  subjects  with  changes 


of  4  pd  or  more  in  the  CONTROL,  FIRST,  SECOND,  and  THIRD 
groups  respectively.  Of  the  pregnant  subjects,  34  had 
increased  ranges,  42  had  decreased  ranges,  and  17  did  not 
change.  Of  the  controls,  10  increased,  22  decreased,  and  6 
did  not  change.  (Blur  and  recovery  findings  were  very 
similar  to  the  break  findings.) 

TABLE  9.  ACCOMMODATION -CONVERGENCE  CHANGES 


GRADIENT  AC/A  RATIO 


GROUP  N  MEAN  SD  RANGE 


CONTROL 

38 

-0.158 

1.151 

-3  to  +2 

FIRST 

31 

+0.226 

0.920 

-2  to  +2 

SECOND 

30 

-0.233 

1  .006 

-1  to  +4 

THIRD 

32 

-0.031 

1.121 

-2  to  +4 

ACCOMMODATION  <D> 

GROUP 

Z 

MEAN 

SD 

RANGE 

CONTROL 

38 

-0.132 

0.548 

-1 .00  to  +1 .00 

FIRST 

31 

-0.073 

0.457 

-1 .00  to  +1 .00 

SECOND 

30 

-0.058 

0.564 

-1 .00  to  +1 .75 

THIRD 

32 

-0.008 

1  .009 

-1 .50  to  +2.75 

DISTANCE  BREAK  RANGE  <pd) 

GROUP 

N 

MEAN 

SD 

RANGE 

CONTROL 

38 

-0.868 

4.598 

-10  to  +13 

FIRST 

31 

-0.032 

2.702 

-  6  to  ♦  8 

SECOND 

30 

-0.667 

4.999 

-11  to  +15 

THIRD 

32 

-1.188 

3.939 

-12  to  ♦  9 

NEAR  BREAK  RttjGE 

<pd> 

GROUP 

N 

MEAN 

SD 

RANGE 

CONTROL 

38 

-1 .447 

5.044 

-14  to  ♦  8 

FIRST 

31 

-0 . 387 

3.252 

-10  to  ♦  4 

SECOND 

30 

-1 .033 

4.916 

-10  to  +16 

THIRD 

32 

-0.312 

5.164 

-10  to  +14 

FREQUENCY  DISTRIBUTION  FOR  ACCOttlODAT I UE  FINDINGS 


D 

CONTROL 

THIRD 

-1  .50 

0 

2 

-1  .25 

0 

1 

-1  .00 

1 

3 

-0.75 

5 

2 

-0.50 

9 

5 

-0.25 

9 

1 

0.00 

4 

6 

+0.25 

3 

2 

+0.50 

1 

2 

+0.75 

3 

1 

+  1  .00 

3 

1 

♦  1  .25 

0 

1 

+  1  .50 

0 

2 

+2.00 

0 

1 

OTHER  CHANGES 

3  4 

Offret  and  Millodot  reported  reduced  intra-ocular 
pressure  (IOP)  during  pregnancy.  In  the  present  study  no 
significant  change  in  IOP  was  found  (analysis  of  variance, 

F  *  1.44,  df  *  3/127,  p  >  .03).  Of  the  pregnant  subjects, 

73  had  increased  IOP,  34  had  decreased  IOP,  and  59  did  not 
change.  (Table  11)  Of  the  controls,  32  increased,  29 
decreased,  and  IS  did  not  change.  The  F-ratio  between  the 
SECOND  group  and  the  CONTROL  group  indicates  that  there  is 
no  significant  difference  in  variance  (F  *  1.51,  df  **  29/37, 


p  >  .03). 

TABLE  11. 

IOP  CHANGES 

GROUP 

MEAN  SD 

RANGE 

CONTROL 

76 

-0.092 

1  .406 

-3 

to 

+  3 

FIRST 

62 

'ESSI 

1.219 

-3 

to 

♦  3 

SECOND 

60 

If!  1 

1  .730 

-5 

to 

♦  4 

THIRD 

64 

0.156 

1.144 

-2 

to 

+  3 

DISCUSSION 


The  aim  of  this  project  was  to  determine  if  pregnancy- 
induced  changes  in  refraction  and/or  other  optometric 
findings  make  it  inappropriate  to  examine  pregnant  women  or 
to  change  their  prescriptions  on  the  basis  of  data  obtained 
during  pregnancy.  The  answers  to  these  questions  seem  quite 
clear.  With  respect  to  refractive  error,  the  mean  changes 
for  the  pregnant  and  non-pregnant  groups  were  all  less  than 
0.03  D  and  there  were  no  differences  between  any  of  the 
groups.  The  vast  majority  <129  of  18 6  eyes  in  the  pregnant 
groups  and  40  of  76  eyes  in  the  CONTROL  group)  showed  no 
spherical  equivalent  refractive  changes  between  the  first 
and  second  exams.  A  similar  result  was  found  for  cylinder 
axis  measurements.  Based  on  these  data,  there  seems  to  be 
no  reason  to  deny  a  pregnant  woman  an  optometric  examination 
or  a  prescription  change. 

Somewhat  more  surprising  is  the  finding  that  pregnancy 
does  not  produce  corneal  curvature  and/or  thickness  changes 
significantly  greater  than  those  found  for  the  control 
subjects.  Conventional  wisdom  suggests  that  problems  can 
occur  with  contact  lens  fit  if  a  patient  begins  to  take  oral 
contraceptives  and/or  becomes  pregnant,  but  this  is  not 
supported  by  the  data  presented  above.  A  lack  of 
significant  change  during  pregnancy  was  also  found  in  the 
accommodation/convergence  and  IOP  data. 

Taken  together,  these  data  suggest  that  the  presumed 
effects  of  pregnancy  on  the  eye  and  visual  system  are 
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greatly  ovei — rated.  While  there  may  be  significant  ocular 
changes  that  occur  between  the  non-pregnant  and  pregnant 
states  (a  transition  not  assessed  in  this  study) ,  changes 
during  pregnancy  were  not  clinically  significant  in  the  vast 
majority  of  patients. 

To  illustrate  this,  assume  a  clinically  significant 
change  in  spherical  equivalent  to  be  more  than  -0.25  or 
♦0.50  D  and  a  significant  change  in  corneal  curvature  to  be 
over  0.50  D.  Then  7.89  V.  of  the  pregnant  subjects  and  2.69 
V.  of  the  controls  experienced  such  changes  between  the  two 
exams.  This  difference  is  not  statistically  significant  (chi 
square  «  1.78,  df  ■  1  ,  p  >  .05),  thus  pregnant  women  change 
refractive  error  no  more  often  than  do  non-pregnant  women. 

CONCLUSIONS 

The  above  results  indicate  that  ocular  changes  occuring 
during  pregnancy  are  neither  as  extensive  nor  as  common  as 
previously  believed.  The  refractive  changes  experienced  by 
the  pregnant  subjects  during  the  three  months  between  exams 
were  no  different  statistically  than  the  changes  experienced 
by  the  non-pregnant  subjects  during  the  same  time  period. 

No  cases  were  found  in  which  a  new  prescription  was 
desired  by  the  subject,  and  in  only  four  out  of  186  eyes 
would  an  optometrist  have  considered  a  change  to  be 
warranted  (sphere  change  greater  than  0.25  0).  Even  though 
a  variety  of  physiological  changes  occur  in  the  eye  during 
pregnancy,  major  changes  in  refractive  status  are  not  common 
and  do  not  automatically  preclude  changing  spectacle 


prescription  during  a  normal  pregnancy. 
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APPENDIX  A 


EXPLANATION  OF  DATA  TABLES 

*  In  cases  where  a  small  cylinder  was  found  in  one  exam 
and  not  the  other,  that  result  was  eliminated  from  the  axis 
change  data  and  entered  into  the  difference  row  in  the  table 
as  a  0 . 

In  cases  where  there  was  no  blur  finding,  the  break 
result  was  assumed  to  be  the  blur  finding  and  entered  into 
the  table  in  that  column. 

Power  results  in  1/8  D.  increments  are  shown  in  the 
table  as  a  truncated  decimal  <.12  for  .125,  etc.),  but  the 
full  3  decimal  places  were  used  in  the  statistical 
treatment . 

The  data  are  entered  into  the  tables  across  two  pages, 
with  the  monocular  results  listed  in  6  rows  and  the 
binocular  results  listed  in  3  rows.  On  the  first  page  the 
subject  number  and  age  are  listed  in  the  first  column,  and 
the  results  are  listed  with  the  first  examination  of  the 
right  eye  across  the  first  row,  the  second  examination  of 
the  right  eye  across  the  second  row  <or  in  the  first  row 
only  for  binocular  results),  the  first  examination  of  the 
left  eye  across  the  third  row,  the  second  examination  of  the 
left  eye  across  the  fourth  row  <or  in  the  third  row  only  for 
binocular  results),  the  differences  between  the  examinations 
of  the  right  eye  across  the  fifth  row,  and  the  differences 
between  the  examinations  of  the  left  eye  across  the  sixth 
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row  (or  in  the  fifth  row  only  for  binocular  results). 


The  second  column  lists  R  for  right,  L  for  left,  and  D 
for  difference.  The  other  column  headings  in  order  are  SPH 
for  sphere,  CYL  for  cylinder,  AX  for  axis,  K  HOR  for  the 
horizontal  corneal  curvature,  K  VERT  for  the  vertical 
corneal  curvature,  C  TH  for  corneal  thickness,  IOP  for 
intra-ocular  pressure,  418  for  the  distance  phoria,  and  M13B 
for  the  near  phoria. 

On  the  second  page  only  the  first  column  contains  only 
the  subject  number  and  a  letter  aD*  signalling  the 
difference  between  exams.  The  other  column  headings  are 
GRAD  ACA  for  gradient  ACA,  Mil  for  the  distance  base  in 
duct  ion  break  and  recovery,  #9  #10  for  the  distance  base 

out  duct  ion  blur,  break,  and  recovery,  #17A  #17B  for  the 

near  base  in  duct  ion  blur,  break,  and  recovery,  #16A  #16B 

for  the  near  base  out  duction  blur,  break,  and  recovery,  NPA 
♦  -PRA  for  the  summation  of  the  absolute  values  for  the 
nepative  and  positive  relative  accommodation  range,  WT  LB, 
for  weight  in  pounds,  and  GRAV  PARA  for  number  of 
pregnancies  and  term  deliveries  respectively. 
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APPENDIX  B 


CONTROL  GROUP 
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CONTROL  GROUP 
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APPENDIX  C 


t-tests 


1.  Spherical  equivalent 


GRP 

CONTROL 

N 

76 

MEAN 

-0.016 

SD 

0.178 

DIFFERENCE 

SIGNIFI 

1ST 

(vs 

CON) 

62 

0.008 

0.139 

-0.025 

.3819 

2ND 

(vs 

CON) 

60 

-0.017 

0.145 

0.001 

.3532 

3RD 

(vs 

CON) 

64 

0.027 

0.149 

-0.044 

.1170 

2ND 

(vs 

1st) 

-0.017 

0.145 

0.025 

.3398 

3RD 

(vs 

1st) 

0.027 

0.149 

-0.019 

.4605 

3RD 

(vs 

2nd) 

0.027 

0.149 

-0.044 

.0936 

2. 

Cyl i nder 

ax  i  s 

GRP 

N 

MEAN 

SD 

DIFFERENCE 

SIGNIFI 

CONTROL 

76 

1  .342 

4.203 

1ST 

(vs 

CON) 

62 

1  .758 

4.601 

-0.416 

.5831 

2ND 

(vs 

CON) 

60 

0.833 

2.519 

0.509 

.4146 

3RD 

(vs 

CON) 

64 

1.703 

3.710 

-0.361 

.5952 

2ND 

(vs 

1st) 

0.833 

2.519 

0.925 

.1697 

3RD 

(vs 

1st) 

1  .703 

3.710 

0.055 

.5258 

3RD 

(vs 

2nd) 

1.703 

3.710 

-0.870 

.1279 

3. 

Average  corneal 

curvature 

GRP 

N 

MEAN 

SD 

DIFFERENCE 

SIGNIFI 

CONTROL 

76 

0.061 

0.252 

1ST 

(vs 

CON) 

62 

0.087 

0.189 

-0.026 

.5124 

2ND 

(vs 

CON) 

60 

0.030 

0.259 

0.031 

.4948 

3RD 

(vs 

CON) 

64 

0.025 

0.211 

0.035 

.3769 

2ND 

(vs 

1st) 

0.030 

0.259 

0.056 

.  1673 

3RD 

(vs 

1st) 

0.025 

0.211 

0.061 

.0850 

3RD 

(vs 

2nd) 

0.025 

0.211 

0.005 

.5891 

4 .  K  ax i s 
GRP 

CONTROL 


MEAN 

3.3X6 


SD 

3.  <534 


DIFFERENCE  SIGNIFICANCE 


5.  CORNEAL  THICKNESS 


GRP 

SAMPLE 

N 

MEAN 

SD 

DIFFERENCE 

SIGNIFICANCE 

CONTROL 

76 

-0.015 

0.040 

1ST 

(vs  CON) 

62 

-0.006 

0.025 

-0.009 

.1028 

2ND 

(vs  CON) 

60 

-0.014 

0.030 

-0.001 

.6596 

3RD 

(vs  CON) 

64 

-0.008 

0.042 

-0.007 

.3066 

2ND 

(vs  1st) 

-0.014 

0.030 

0.008 

.6760 

3RD 

(vs  1st) 

-0.008 

0.042 

0.002 

.6760 

3RD 

(vs  2nd) 

-0.008 

0.042 

-0.006 

.3743 

6. 

GRADIENT  ACA 

GRP 

SAMPLE 

N 

MEAN 

SD 

DIFFERENCE 

SIGNIFICANCE 

CONTROL 

38 

-0.158 

1.151 

1ST 

(vs  CON) 

31 

0.226 

0.920 

-0 . 384 

.1336 

2ND 

(vs  CON) 

30 

0.233 

1  .006 

-0.391 

.1428 

3RD 

(vs  CON) 

32 

-0.031 

1.121 

-0.127 

.6347 

2ND 

(vs  1st) 

0.233 

1  .006 

-0.008 

.4283 

3RD 

(vs  1st) 

-0.031 

1.121 

0.257 

.3261 

3RD 

(vs  2nd) 

-0.031 

1 .121 

0.265 

.3349 

7. 

ACCOMMODATION  (POSITIVE  ♦ 

NEGATIVE 

RELATIVE  ACC.: 

GRP 

SAMPLE 

N 

MEAN 

SD 

DIFFERENCE 

SIGNIFICANCE 

CONTROL 

38 

-0.132 

0.548 

1ST 

(vs  CON) 

31 

0.073 

0.457 

-0.204 

.0985 

2ND 

(vs  CON) 

30 

-0.058 

0.564 

-0.073 

.5918 

3RD 

(vs  CON) 

32 

0.008 

1  .009 

-0.139 

.4723 

2ND 

(vs  1st) 

-0.058 

0.564 

0.131 

.3238 

3RD 

(vs  1st) 

0.008 

1  .009 

0.065 

.6853 

3RD 

(vs  2nd) 

0.008 

1  .009 

-0.066 

.6868 

8. 

DISTANCE 

BREAK 

RANGE  (BO 

♦  BI  DUCT I ON  BREAKS,  6 

M) 

GRP 

SAMPLE 

N 

MEAN 

SD 

DIFFERENCE 

SIGNIFICANCE 

CONTROL 

38 

-0 . 868 

4.598 

1ST 

(vs  CON) 

31 

-0.032 

2.702 

-0.836 

.3782 

2ND 

(vs  CON) 

30 

-0.667 

4.999 

-0.202 

.6495 

3RD 

(vs  CON) 

32 

-1.188 

3.939 

0.319 

.6876 

2ND 

(vs  1st) 

30 

-0.667 

4.999 

0.634 

.4439 

3RD 

(vs  1st) 

32 

-1.188 

3.939 

1.155 

.1778 

3RD 

(vs  2nd) 

32 

-1.188 

3.939 

0.521 

.6382 

t-tests 


9.  NEAR  BREAK  RANGE  <B0  +  BI  DUCT I  ON  BREAKS,  40  CM) 


GRP  SAMPLE 


CONTROL 


MEAN  SD  DIFFERENCE  SIGNIFICANCE 


-1.447  5.044 


1ST 

(vs  CON) 

31 

-0.387 

3.252 

-1 .060 

.3168 

*  ' 

2ND 

(us  CON) 

30 

-1 .033 

4.916 

-0.414 

.6827 

»  ■ 

3RD 

(us  CON) 

32 

-1 .375 

7.678 

-0.072 

.4705 

2ND 

(us  1st) 

-1 .033 

4.916 

0.646 

.5514 

L 

3RD 

(us  1st) 

-1 .375 

7.678 

0.988 

.5177 

3RD 

(us  ?*id) 

-1 .375 

7.678 

0.342 

.6706 

10  . 

IOP 

GRP 

SAMPLE 

N 

MEAN 

SD 

DIFFERENCE 

SIGNIFICANCE 

• 

CONTROL 

76 

-0.092 

1  .406 

y. 

1ST 

(us  CON) 

62 

0.081 

1  .219 

-0.173 

.4539 

V\ 

2ND 

(us  CON) 

60 

0.083 

1  .730 

-0.175 

.5220 

3RD 

(us  CON) 

64 

0.156 

1.144 

-0.248 

.2585 

< 

2ND 

(us  1st) 

0.083 

1  .730 

-0.003 

.3624 

f.  \ 

3RD 

(us  1st) 

0.156 

1.144 

-0.076 

.6777 

3RD 

(us  2nd) 

0.156 

1.144 

-0.073 

.6884 

1 1  . 

AGE  ( YRS) 

B 

GRP 

SAMPLE 

N 

MEAN 

SD 

DIFFERENCE 

SIGNIFICANCE 

>’  _ 

CONTROL 

38 

30.16 

5.69 

1ST 

(us  CON) 

31 

25.97 

5.05 

4.90 

.002 

2ND 

(us  CON) 

30 

25.00 

5.05 

5.125 

(  .001 

• 

3RD 

(us  CON) 

32 

26.81 

4.62 

3.345 

.009 

2ND 

(us  1st) 

25.00 

5  05 

0.934 

.4803 

3RD 

(us  1st) 

26.81 

4.62 

-0.845 

.4978 

3RD 

(us  2nd) 

26.81 

4.62 

-1 .779 

.1500 

>  - 

• 

12. 

GRAVIDA 

► 

GRP 

SAMPLE 

N 

MEAN 

SD 

DIFFERENCE 

SIGNIFICANCE 

. 

CONTROL 

38 

3.763 

2.174 

(us 

CON) 

31 

2.387 

1  .230 

1  .376 

(us 

CON) 

30 

2.567 

1  .612 

1.196 

(us 

CON) 

32 

3.031 

2.132 

.732 

(us 

1st) 

2.567 

1  .612 

-0.180 

(us 

1st) 

3.031 

2.132 

-0.644 

(US 

2nd) 

3.031 

2.132 

-0.465 

13. 

VARIATIONS 

FROM 

PLANNED 

2ND  EXAM 

DATES 

GRP 

SAMPLE 

N 

MEAN 

SD 

DIFFERENCE 

SIGNII 

CONTROL 

38 

2.263 

6.176 

1ST 

(vs 

CON) 

31 

1  .097 

4.989 

1.166 

.4033 

2ND 

(vs 

CON) 

30 

2.333 

5.683 

-0.070 

.4726 

3RD 

( vs 

CON) 

32 

2.781 

4.256 

-0.518 

.6636 

2ND 

(vs 

1st) 

2.333 

5.683 

-1 .237 

.3730 

3RD 

(vs 

1st) 

2.781 

4.256 

-1 .684 

.1505 

3RD 

(vs 

2nd) 

2.7818 

4.256 

-0.448 

.6796 

FILMED 

10-85 

DTIC 


